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A B S T R A C T
Rhus aucheri Boiss is a popular Omani herbal medicinal plant used as an antiseptic, astrin-
gent and homeostatic. In this studywe evaluated, the antioxidant and antibacterial potential
of R. aucheri Boiss leaves using an in-vitro model. Three green solvents, i.e. water ethanol
and aqueous glycerol, were employed to access the extraction of polyphenols and flavo-
noids.We found thehighest polyphenols andflavonoids extraction for aqueous glycerol extracts
The antioxidant capacity was assessed using 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
reducing abilities of the three liquid crude extracts (LCEs) and was recorded to be high in
water and aqueous glycerol LCEs (91 and 83.1%) respectively. The screening of antibacterial
potential was gauged against gram positive bacterial strains namely Staphylococcus aureus
(ATCC®29213™),Staphylococcus aureus (ATCC®25923™) andEnterococcus faecalis (ATCC®29212™)
as well as one gram negative strain of Escherichia coli.The three LCEs were found to be fairly
active against the microbial strains tested. Further, we recorded the scanning electron mi-
croscopic (SEM) images of the leaves of R. aucheri Boiss leaves to underpin the botanical
characters of the leaves so that any future studies of this plant will have a sound basis.
© 2016 Beni-Suef University. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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1. Introduction
In recent times, there has been increasing interest in themedical
herbs for development and in of herbal medicines or
nutraceuticals (Kazeem and Ashafa, 2015; Kpodar et al., 2015).
These herbs are looked forward as bio-therapeuticswith the ex-
pectation that they are low in toxicity compared to chemo-
therapeutics (Mahmud et al., 2014; Singh et al., 2012c). The
therapeutic actions of the herbalmedicine are attributed to the
presenceofbioactive compoundssuchaspolyphenols,flavonoids,
carotenoids and others. These bioactive compounds are re-
ported to show preventive action against degenerative diseases
such as cardiovascular diseases and others like diabetes, cancer,
etc. by delaying the onset of these diseases (Guizani et al., 2011,
2013; Kaneto et al., 2010; Singh et al., 2012a, 2012b, 2012c; Uttara
et al., 2009).The bioactive compounds are also extracted from the
herbal medicinal plants for utilization in pharmaceutical, cos-
metics and food industries alike (Essa et al., 2012; Guizani et al.,
2012; Singh et al., 2012a). Hence, it is vital to evaluate the herbal
medicinal plants for the presence of bioactive compounds and
develop an optimum extraction protocol. Second, the identifi-
cationof themedicinalherb is very important,as a similar looking
Arabian herb may differ in significant ways from their western
herbal counterparts.Thus, the tractability of the counterfeit herbs
or herbs of questionable quality is another challenge.
Traditionally, locals in theSultanateofOmanusedRhus aucheri
Boiss leavesasantisepticandasmedicine to treatandcurevarious
ailments as well as used them as foods and spices (Ghazanfar,
1994).Limited literature is available onpresenceof bioactive com-
pound of this Omanimedicinal plant.The recent developments
in extraction techniques focus on minimizing or completely
replace harmful solvents with eco-friendly green solvents
(Armenta et al., 2015). Green solvents are preferably utilized for
extraction of natural products of plant origin (Rodríguez-Rojo
et al., 2012).This ensures safe,cost-effective andyieldhighquality
extracts (Crowe and Allison, 2015; Herrero and Ibáñez, 2015; Qi
et al., 2015; Singh et al., 2012b). The design of green and sus-
tainable extraction methods of bioactive compounds has been
central to the multidisciplinary research area of applied food
science, biochemistry, biology and food technology (Crowe and
Allison, 2015;Herrero and Ibáñez, 2015;Qi et al., 2015; Singh et al.,
2012b). Hence we see an opportunity to develop and optimize
bioactive compoundextraction fromR. aucheri Boiss leaves using
green solvents. Here, we used three green solvent/solvent mix-
tures forextractpreparationandevaluated theantioxidantactivity
of the extracts. Specifically,we evaluated the polyphenols, total
flavonoid andDPPH reductionactivity.Further,we screened these
extracts for anti-bacterial activity using 3 gram positive and 1
gramnegative bacterial strains.Wealso record thebotanical char-
acteristics of R. aucheri Boiss leaves using Scanning electron
microscopy (SEM) as a quick and reliable technique to identify
the medicinal herbs (Ensikat et al., 2010; Serrano et al., 2010).
2. Materials and methods
2.1. Plant material and reagents
Plant samples of R. aucheri Boiss were collected in September
2014 from Al-Batinah regions of the Sultanate of Oman. The
plant was identified by their morphological features de-
scribed in the Handbook of 80 Arabian medicinal plants
(Musselman, 1995) and from the online database present in the
website. The leaves were manually separated from the plants
and were shade dried in a well-ventilated room at room tem-
perature (25 ± 2 °C) for four weeks.The dry leaves were grinded
and stored at −20 °C freezer until used for the extraction. All
the chemicals and solvents used were of analytical grade. Folin–
Ciocalteu reagent, 2, 2-Diphenyl-1-picryl hydrazyl (DPPH), gallic
acid, catechin were purchased from Sigma–Aldrich. Absor-
bance was recorded on a UV–Visible spectrophotometer (Jenway
7305).
2.2. Moisture content and pH
Moisture content was measured gravimetrically by drying 5 g
of fresh leaves of R. aucheri Boiss separately in an oven at 105 °C
for 24 h. pH of the mixture (5 g dried powder of R. aucheri Boiss
added to 50 ml of distilled water) was measured by pH meter
(Hanna). The measurements were taken in triplicate and the
mean values were calculated.
2.3. Experimental design
To determine the efficiency of extracting solvent on polyphe-
nol yield, 1 g of dried leaves powder of R. aucheri Boiss was
extracted separately with 20 ml of three different solvent/
solvent mixture (water, ethanol and 30% (v/v) aqueous glycerol)
for 2 hours using a shaking bath at room temperature (25 ± 2 °C).
Attempts to use 100% glycerol for extraction failed due to its
high viscosity. The three extract were covered with alumi-
num foil to protect it from direct light.The liquid crude extracts
(LCEs) were centrifuged at 6000 rpm and then filtered using
Whatman No. 1 filter paper to get a clear supernatant.The clear
supernatant was made up to the level of respective solvents.
The LCEs were frozen and stored at −20 °C until used. Further,
for anti-bacterial screening, ethanol LCE was used after evapo-
ration of ethanol, making the volume up to 20 ml with sterile
water. Water and 30% (v/v) aqueous glycerol LCEs were used
as such (without evaporating the solvent).
2.4. Estimation of polyphenols
The total polyphenols of three LCE were measured by the es-
tablished method with minor modifications (Singleton and
Rossi, 1965). Briefly, the stock LCE solutions were diluted as;
1 ml each of ethanol-LCE and water LCE was added 1 ml water.
For 30% (v/v) glycerol LCE, 1 ml LCE was added 9 ml water.
Further, from these solutions, 20 µl of each LCE was mixed with
5 ml 10% Folin–Ciocalteu reagent and incubated for 5 minutes
at room temperature (25 ± 2 °C). Further, 4 ml 1.9 M sodium car-
bonate was added and the reaction mixture was vortexed and
incubated for 1 h.The absorbance at 765 nmwas obtained using
a UV–Vis spectrophotometer. Gallic acid was used as the stan-
dard for a calibration curve and the results were expressed as
mg gallic acid equivalents (GAE)/g sample. All the measure-
ments were taken in triplicate and the mean values ± standard
deviation were calculated. Linear correlations were statisti-
cally determined using PAST software (Hammer et al., 2001).
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2.5. Total flavonoid content (TFC)
Total flavonoids were determined by the modified method of
Kim et al. (2003).The three LCEs (100 µl) wasmixed with distilled
water (4 ml). Then, 5% sodium nitrite solution (0.3 ml) was
added, followed by 10% aluminum chloride solution (0.3 ml).
Test tubes were incubated at ambient temperature for 5
minutes, and then 2 ml of 1 M sodium hydroxide was added
to the mixture and then the final volume of reaction mixture
was made up to 10 ml with distilled water. The mixture was
thoroughly vortexed and the absorbance of the pink color de-
veloped was determined at 510 nm using UV–Vis
spectrophotometry (Jenway 7305). A calibration curve was pre-
pared with catechin and the results were expressed as mg
catechin equivalents (CEQ)/g sample.
2.6. DPPH reducing activity
The ability of the LCE to scavenge stable DPPH radicals was
assessed as described by (Gyamfi et al., 1999). The reduction
of the radical is followed by a decrease in the absorbance at
517 nm. For a typical reaction, 2 ml of 100 µM DPPH solution
in ethanol was mixed with 100 µl of LCE and 1.9 ml of ethanol.
The reaction mixture was incubated in the dark for 6 minutes.
Absorbance at 517 nm was recorded using UV–visible spec-
trophotometry. The percentage reduction by the LCEs was
calculated using equation:
% DPPH Reduction
=
−Absorbance of control Absorbance of sample
Absorbance of control
× 100
For the control, 2 ml of DPPH solution was mixed with 2 ml
of ethanol and absorbance was recorded. Gallic acid was used
as a positive control.
2.7. Antibacterial activity assay
ATCC gram positive bacterial strains namely Staphylococcus
aureus (ATCC® 29213™), Staphylococcus aureus (ATCC® 25923™)
and Enterococcus faecalis (ATCC® 29212™) as well as one gram
negative strain Escherichia coli (ATCC® 25922™) were used for
screening of different solvent LCEs of R. aucheri Boiss. The
screening of antibacterial activity of the LCEs was deter-
mined using agar well diffusion method (Chand et al., 2008).
The inoculums were prepared by taking overnight bacterial
culture. For sensitivity assay test, 38 g of Muller Hinton agar
was dissolved in 1000ml distilled water and autoclaved at 121 °C
for 15 min. The media was then poured into sterilized petri-
dishes with uniform thickness and the agar was allowed to set
at ambient temperature under laminar hood until solidifica-
tion. These inoculums were spread evenly on the surface of
solidified agar with the help of sterilized spreader under aseptic
conditions.The plates were allowed to dry 20 min at room tem-
perature. On each plate equidistant wells weremade with 8mm
diameter sterilized cork borer. 100 µl of each LCE was added
in the well under aseptic conditions. For ethanol LCE, equal
volume of sterile water was added and the ethanol was allowed
to evaporate under sterile conditions. Equal volumes of dis-
tilled water, 30% glycerol were used along to act as negative
controls.The inoculated plates were incubated upright at 37 °C
for 24 h. The formations of a clear inhibition zone around the
wells were taken as susceptibility measurement.
2.8. Scanning electron microscopic (SEM) analysis
An approximately 5 × 5 mm sample of the shade dried leaf was
mounted horizontally on carbon tape stuck onto an, 8 mm alu-
minum SEM stub. A further sample was cut in cross-section
and mounted vertically by attaching it to the side of the SEM
stub also using carbon tape. The sample was imaged un-
coated using a JEOL JSM-6480LV scanning electron microscope
in low vacuummode with a pressure of 40 Pa. Images were re-
corded with an accelerating voltage of 10 kV and a spot size
of 50 with a 30 µm aperture. All the measurements were taken
in triplicates for each three sets of data and mean ± standard
deviation were calculated.
3. Results and discussion
3.1. Moisture content and pH
Moisture content and pH of R. aucheri Boiss leaves was found
to be 63.5 ± 1.2 and 4.86 ± 0.02. This plant is found in the hot
regions in Oman and it is expected that its leaves would be
thick and can store water as apparent from its higher mois-
ture content value. The leaves of the Omani R. aucheri Boiss
possess acidic nature. Also, the berries of some Rhus (genus)
plants are reported to have acidic nature (Musselman, 1995).
3.2. Total polyphenol and flavonoid content
The polyphenols and flavonoids response depends on their
chemical structures which are influenced by the polarity of the
extracting solvent (Satué-Gracia et al., 1997). Among the three
extracting solvents, two are hydroxyl solvents i.e. glycerol and
ethanol. Among this glycerol has 3 hydroxyl (-OH) groups
whereas ethanol has only one (-OH) group. This makes glyc-
erol a polar protic solvent with a dielectric constant (46 at 20 °C)
that is an intermediate between that of water (80) and ethanol
(25). This polarity of glycerol provides it with a wider range of
solubilizing compounds ranged from polar to non-polar (Gu
and Jérôme, 2010). Thus, as expected, the highest polyphe-
nols and flavonoids values were found in the 30% (v/v) aqueous
glycerol LCEs (see Table 1).
Table 1 – Effect of various solvents/solvent mixtures on
the extraction yield of polyphenols from R. aucheri Boiss
leaf.
Solvent 30% aqs.
glycerol
Water Ethanol
Polyphenols (mg GAE/g) 296.6 ± 22.5a 126.4 ± 6.8a 76.4 ± 4.5a
TFC (mg CEQ/g) 17.2 ± 0.1b 11.7 ± 0.5b 10.3 ± 0.7b
Note: The values are mean ± standard deviation for triplicate ex-
traction and those in the same row not sharing the same subscript
letter are significantly different from each other (p < 0.05).
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Similar observation has been previously reported by re-
searchers (Shah et al., 2016; Zhao et al., 2006). Hence, it is highly
essential to optimize the extraction solvent system for the re-
covery of bioactive compounds such as polyphenols, TFC and
other antioxidant compounds from samples (Gu and Jérôme,
2010; Shah et al., 2016; Wolfson et al., 2007). Our results show
significant difference in extraction capacity of three different
green solvents (p < 0.05) for polyphenols and flavonoids from
the R. aucheri Boiss leaves.
Linear correlations were statistically determined using PAST
software (Hammer et al., 2001). It was found that polyphe-
nols and TFC are significantly correlated (p ≤ 0.05) linearly,
however, there was no significant correlation found between
polyphenols and % DPPH reduction in R. aucheri Boiss leaves
LCEs.
3.3. DPPH reduction capacity of the LCEs
The DPPH radical reduction is explained as antioxidant prop-
erty of the polyphenols to neutralize the free radicals through
their inherent redox properties. This is elucidated as a pre-
ventive mechanism of the polyphenols toward various
degenerative diseases including cardiovascular diseases, dia-
betes and improved functioning of the immune system. The
assay involves the transfer of hydrogen atoms from antioxi-
dant analyte to DPPH,which occur at different redox potentials.
Our results indicate water and 30% (v/v) aqueous glycerol to
possess highest % DPPH reduction, 91 and 83% respectively as
shown in Table 2.
The lowest % DPPH reduction was observed for ethanol LCEs
i.e. 24%. Several flavonoids and polyphenols have been iso-
lated from plant extracts with potent DPPH scavenging activities
(Lee et al., 2003). High DPPH radical-scavenging activities of these
LCEs especially water and glycerol LCEs indicate the poten-
tial to delay the ROS and associated oxidative damage
(Miliauskas et al., 2004; Wong et al., 2006), and show great po-
tential for use in techniques investigating human health
benefits. Further studies on the link between polyphenols and
health benefits are therefore highly recommended.
3.4. Screening of antibacterial effect of the LCE
The antibacterial effects of three green solvent LCEs on se-
lected gram positive and gram ATCC bacterial strains by agar
well diffusion method were studied. The LCEs were found to
be more effective against gram positive bacteria than gram-
negative bacteria. Among the gram positive bacteria E. faecalis
(ATCC® 29212™) was found to be most sensitive showing
maximum zone of inhibition of 40 mm in 30% aqueous glyc-
erol LCE as presented in Table 3.
This high antibacterial activity could be attributed to the
presence of higher amount of polyphenols andTFC.The water
LCE showed minor antibacterial effect on two strains of gram
positive (B) Staphylococcus aureus (ATCC® 29213™) and (C) Staphy-
lococcus aureus (ATCC® 25923™) and are in line with the
previously published studies (Aslam et al., 2009; Dahiya and
Purkayastha, 2012; Olaleye and Bello-Michael, 2005).The ethanol
LCE showed no effect on the bacterial growths. Previous studies
have reported that some ethanol LCEs of medicinal plants lack
antibacterial activities (Bhakuni et al., 1969; Eloff, 1998). This
could also be related to its low TFC and polyphenols content
in ethanolic LCEs.
None of the LCE showed any inhibitory effect on the gram
negative bacterial strains. Compared to other bacteria, gram
negatives have unique outer membrane which is composed of
phospholipids and lipopolysaccharides, which act, as a barrier
to the entrance and reaction of most antibiotics and/or anti-
bacterial agents through cell envelope (Al-zoreky and Al–Taher,
2015; Boulekbache et al., 2013; Parekh and Chanda, 2007; Wang,
2010).This distinctive feature of the gram negative partially ac-
counts for why gram-negatives are more resistant compared
to gram-positive bacteria (Zaidan et al., 2005). Furthermore, the
antibacterial activities of herbal medicinal plant extracts also
depend on various factors like environmental and climate con-
ditions under which the plant grew, the solvent used for the
extraction, the extraction method, test concentration and the
test microorganisms (Djerrad et al., 2015; Fernandes et al., 2014;
Jeyaseelan et al., 2012).Thus the results of this screening suggest
and give indication of the antibacterial capacity of the LCE
which could be studied in detail in the future if needed in terms
of MIC of different extracts.
3.5. SEM analysis
SEM technique has been increasingly employed for identifi-
cation of diagnostic features of medicinal plants. Recently,
Serrano et al. have studied the leaves of other medicinal herbs
G. senegalensis using SEM technique (Serrano et al., 2010). In our
study the SEM images of the horizontal section of the R. aucheri
Boiss leaves show the useful diagnostic feature of these herbal
medicinal plant leaves. Some special features include midrib
and lamina with spike like feature coming vertically up from
the leaf surface as shown by the arrow in Fig. 1A.These spikes
Table 2 – DPPH reduction effect of various LCEs of the
R. aucheri Boiss leaves.
LCEs % DPPH reduction
30% aqs. glycerol 83.1 ± 3.7c
Water 91.0 ± 2.4 c
Ethanol 24.2 ± 4.8 c
Gallic acid 95.0 ± 0.1
Note: The values are mean ± standard deviation for triplicate ex-
traction and those in the same column not sharing the same
subscript letter are significantly different from each other (p < 0.05).
Table 3 – Inhibitory effect of the R. aucheri Boiss LCE on
selected gram positive and gram negative bacterial
strains.
Zone of inhibition (mm in diameter; mean ± SD; n = 3)
LCE A B C D
30% aqs. glycerol 40.0 ± 1.0 – – –
Water – 11.7 ± 1.5 12.7 ± 2.1 –
Ethanol – – – –
A: Enterococcus faecalis (ATCC® 29212™); B: Staphylococcus aureus
(ATCC® 29213™) C: Staphylococcus aureus (ATCC® 25923™); D: Es-
cherichia coli (ATCC® 25922™).
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are approximately 100 µm long as can be estimated from the
transverse section SEM image of the leaf in Fig. 1B. Further-
more along with the spikes some unique features as indicated
by the arrow in the magnified surface image are shown in
Fig. 1C. These features could be noted as botanical character-
istic for the identification and quality assessment of the Omani
R. aucheri Boiss species. In the future more specific analysis of
the morphology and efficient investigation of plant samples
is possible by using a range of reported SEM methods (Ensikat
et al., 2010; Shah et al., 2016).
4. Conclusion
In this study, we compared the effect of three green solvent/
solvents mixture for their extraction capacity of polyphenolic
compounds from R. aucheri Boiss leaves.We found the 30% (v/
v) aqueous glycerol as the better solvent for the extraction
compared to water and ethanol. These LCEs also demon-
strated good DPPH free radical reduction ability. Overall,
R. aucheri Boiss leaves can be considered as a good source of
antioxidant compounds. Further our screening of the LCEs
shows respectable degrees of anti-bacterial activity, specifi-
cally toward the gram positive bacterial strains and provides
scientific evidence to justify the traditional use of R. aucheri Boiss
as antiseptic by locals in Oman. The SEM images that we re-
corded can form the basis for future identification of this plant.
Moreover, we recommend further in-vitro and in-vivo re-
search to investigate and to explore its application in herbal
medicines and in nutraceuticals.
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